Based on application of the atomic filter technology in a signal detection system of lidar, the diurnal observation of sodium lidar were obtained using the system at the National Space Science Center of the Chinese Academy of Sciences at Beijing Yanqing station (40.5 • N, 116 • E) in April 2014. During the lidar observation period, among the 103 cases of continuous daytime observations, the longest time was 181 h. In the case of a continuous observation period of 5 days (13-18 October 2014), the signal-to-noise ratio reached to 19:1 at 12:00-13:00 Local Time of the daytime, when the spatial and time resolutions were respectively set to 96 m of 167 s. The improvements resulted in the highest detection level of any existing diurnal lidars in China. Some interesting phenomena such as the sporadic sodium layer have also been observed during the daytime. The daytime capability extended the observing time range of the earlier systems that were limited to only nighttime observations. This innovation provides a useful method for the studies of diurnal tides, photochemistry, gravity waves, and correlative modeling studies.
Introduction
Between 80 and 110 km, there is a metal atom layer including sodium, potassium, and calcium, among which sodium lidar has been widely developed due to the sodium atomic high density on the one hand, and on the other its high resonance fluorescence efficiency [1] [2] [3] [4] [5] . At present, sodium fluorescence lidar technology cannot only detect the density of sodium layer, but also measures the wind and temperature in the middle atmosphere [6] [7] [8] [9] [10] . However, most of the sodium lidar in the world can only work at night to avoid the strong solar background light noise during the day. Parameters of the middle and upper atmosphere are measured by analyzing the back-scattered photons from the atmosphere [11, 12] , and received signal is very weak, and hence implementation of a single photon counting mode is required. Especially during the daytime, the strong sunlight influences the signal-to-noise ratio (SNR) of lidar data. Thus, in the early stages of lidar technology development, lidar observations could only can be carried out at night (Local time is about 19:00-5:00), relying on the narrow-band interference filter technology. Figure 1 . Schematic diagram of diurnal sodium fluorescence lidar system (dual-wavelength lidar detection system). A lidar system is composed of (a) a laser emission system, (b) a signal receiving system, (c) a signal detection system, and (d) a data acquisition and timely sequence control system. The laser emission system is composed of a pulsed Nd:YAG laser, two pulsed dye lasers, two laser beam-expanding telescopes, two high power beam splitters, two high power laser mirrors, two reflective devices equipped with a precision stepping motors, two hollow cathode lamps (HCL), and a frequency stabilization system. This system used secondary frequency doubling technology and residual light recovery technology to produce two laser beams with wavelengths of 532 nm each. Firstly, the fundamental frequency 1064 nm laser generated by the Nd:YAG laser passed through a frequency-doubling crystal (DKDP) and generated the initial 532 nm laser through the I-type frequency-doubling method. This laser beam then passed through a dichroic mirror and became separated from the original 1064 nm laser, from which a 532 nm laser was reflected. The remaining laser was input into the second piece of frequency doubling crystal (DKDP), and a II-type frequency doubling was used to generate the second beam in order to meet the polarization demand of the laser, resulting in two 532 nm laser beams. Since the frequency-doubling crystal angle can be fine-tuned, the energy of the two generated 532 nm laser beams can be adjusted according to different experimental requirements. The output laser at 532 nm has a repetition frequency of 30 Hz and 230 mJ of single-pulse energy, which is used to pump a pulsed dye laser 1 and produce a 589 nm laser with 46 mJ of single-pulse energy. Another 532 nm laser is used to pump a second pulsed dye laser 2 to produce a 770 nm laser. The 589 nm and 770 nm lasers divergence angle were less than 0.5 mard. Since this paper focuses on the sodium daytime detection system and its results, further explanation of the detection of the potassium has been excluded. After the 589 nm laser beam passed through a high power beam splitter, the main laser beam was sent to a laser beam-expanding telescope, it was directly emitted into the sky by a high power laser mirror for upper atmospheric detection, while only a small fraction was split off for laser locking. The fiber collimator was used to collect the 589 nm laser, it was input into to the sodium HCL. In the frequency stabilization system, there was a RC circuit, which was used to read the discharge voltage signal from the sodium HCL. The voltage is maximized when the laser is tuned to the sodium resonance transition. Therefore, by judging the voltage value, the frequency stabilization system can control the motor of the dye laser to control the wavelength of the output laser. Similarly, for a 770nm laser frequency stabilization system, the potassium HCL was used to generate voltage signal and acts as the wavelength discriminator. The signal receiving system consists of a large aperture telescope, an optical fiber coupler, and two optical fibers. The large aperture telescope is composed of a primary and a secondary mirror, which adopts the Cassegrain-type design. The diameter and the focal length of the large aperture telescope are 1 m and 2 m, respectively, and a dual-fiber focal plane splitting is placed at the receiving end of the telescope. In other words, the two optical fiber heads were placed in the focal plane of the receiving telescope and separated by a certain distance. By controlling the direction of the two laser beams, the high-altitude image points were able to fall directly into the incident ports of the respective Figure 1 . Schematic diagram of diurnal sodium fluorescence lidar system (dual-wavelength lidar detection system). A lidar system is composed of (a) a laser emission system, (b) a signal receiving system, (c) a signal detection system, and (d) a data acquisition and timely sequence control system. The laser emission system is composed of a pulsed Nd:YAG laser, two pulsed dye lasers, two laser beam-expanding telescopes, two high power beam splitters, two high power laser mirrors, two reflective devices equipped with a precision stepping motors, two hollow cathode lamps (HCL), and a frequency stabilization system. This system used secondary frequency doubling technology and residual light recovery technology to produce two laser beams with wavelengths of 532 nm each. Firstly, the fundamental frequency 1064 nm laser generated by the Nd:YAG laser passed through a frequency-doubling crystal (DKDP) and generated the initial 532 nm laser through the I-type frequency-doubling method. This laser beam then passed through a dichroic mirror and became separated from the original 1064 nm laser, from which a 532 nm laser was reflected. The remaining laser was input into the second piece of frequency doubling crystal (DKDP), and a II-type frequency doubling was used to generate the second beam in order to meet the polarization demand of the laser, resulting in two 532 nm laser beams. Since the frequency-doubling crystal angle can be fine-tuned, the energy of the two generated 532 nm laser beams can be adjusted according to different experimental requirements. The output laser at 532 nm has a repetition frequency of 30 Hz and 230 mJ of single-pulse energy, which is used to pump a pulsed dye laser 1 and produce a 589 nm laser with 46 mJ of single-pulse energy. Another 532 nm laser is used to pump a second pulsed dye laser 2 to produce a 770 nm laser. The 589 nm and 770 nm lasers divergence angle were less than 0.5 mard. Since this paper focuses on the sodium daytime detection system and its results, further explanation of the detection of the potassium has been excluded. After the 589 nm laser beam passed through a high power beam splitter, the main laser beam was sent to a laser beam-expanding telescope, it was directly emitted into the sky by a high power laser mirror for upper atmospheric detection, while only a small fraction was split off for laser locking. The fiber collimator was used to collect the 589 nm laser, it was input into to the sodium HCL. In the frequency stabilization system, there was a RC circuit, which was used to read the discharge voltage signal from the sodium HCL. The voltage is maximized when the laser is tuned to the sodium resonance transition. Therefore, by judging the voltage value, the frequency stabilization system can control the motor of the dye laser to control the wavelength of the output laser. Similarly, for a 770nm laser frequency stabilization system, the potassium HCL was used to generate voltage signal and acts as the wavelength discriminator. The signal receiving system consists of a large aperture telescope, an optical fiber coupler, and two optical fibers. The large aperture telescope is composed of a primary and a secondary mirror, which adopts the Cassegrain-type design. The diameter and the focal length of the large aperture telescope are 1 m and 2 m, respectively, and a dual-fiber focal plane splitting is placed at the receiving end of the telescope. In other words, the two optical fiber heads were placed in the focal plane of the receiving telescope and separated by a certain distance. By controlling the direction of the two laser beams, the high-altitude image points were able to fall directly into the incident ports of the respective optical fibers. Because the two optical fibers were separated by a certain distance and independent from each other, there was no crosstalk in space isolation. In this system, an optical fiber clamping device was installed at the focal plane of the telescope in order to fix the two receiving optical fibers in place. By using this dual-optical fiber focal plane splitting technology, the back-scattered photon signals of the 589 nm and 770 nm laser beams were coupled to their respective receiving optical fibers. These fibers consisted of hard cladded multimode quartz with a numerical aperture of 0.39 and core diameter of 1.5 mm. The signal detection system features two interference filters, a dual-channel FADOF, two concentrators, and two photomultiplier tubes. The received potassium signal through the collimating lens and interference filter, focused on the photomultiplier tube through the focusing lens, and then converted into the corresponding electrical signal, which was then sent to the data acquisition and timely sequence control system for further processing. After passing through the collimating lens, the sodium signal entered the dual-channel FADOF and passed through the interference filter to ensure that the background light in the day did not affect the weak return optical signal. Finally, it was converted into the corresponding electrical signal through the focusing lens, which focused on the photomultiplier tube, and entered the data acquisition and timely sequence control system. The photomultiplier tube (H7421-40 series, from Capitals for Hamamatsu Japan) features a quantum efficiency of 40% at 589 nm.
The data acquisition and control system features an oscilloscope, a timing control system, and a central control and processing system. The electrical signals converted by the two photomultiplier tubes respectively entered the data acquisition system and were stored in the central control and processing system. The oscilloscope displayed real-time monitoring of the back-scattered photon signal, and the timing control system synchronized with the laser transmitter and data acquisition. The acquisition card is Easy-MCS with a sampling rate of 150 MHz.
The specific parameters of the lidar system are shown in the following Table 1 : 
Research and Improvement on Key Techniques of Daytime Detection

Daytime Detection Lidar Technology and Working Principle of FADOF
The principle of FADOF is based on the combination of anomalous scattering, the Faraday effect, and the zeeman effect [33] . The light passes through the first polarizer, P x and becomes linearly polarized in the horizontal direction. This linearly polarized light can be thought of as the superposition of two equal-amplitude beams of left-handed and right-handed light, relative to the direction of the magnetic field. Under the action of the magnetic field, the phase difference between left-handed and right-handed polarized lights is caused by their different propagation speeds within the atom cell. When the two lights coming out of the atom cell are superimposed again, the polarization direction of the linearly polarized light is rotated by an angle relative to the polarization direction when incident from the P x plane ( Figure 2 ). If this angle happens to be an odd number of 90 degrees, then the combined linearly polarized light is vertical, and it can be seen through the second polarizer P y . the atom cell. When the two lights coming out of the atom cell are superimposed again, the polarization direction of the linearly polarized light is rotated by an angle relative to the polarization direction when incident from the Px plane ( Figure 2 ). If this angle happens to be an odd number of 90 degrees, then the combined linearly polarized light is vertical, and it can be seen through the second polarizer Py.
In this system, the FADOF consists of a sodium atom cell in a longitudinal magnetic field, a constant temperature furnace, and a pair of Glan-Thompson type orthogonal polarization prisms at both ends with an inhibition rate of about 10 −5 [34] . The magnetic field is generated by a permanent magnet with a strength of approximately 0.2 T. The length of the sodium atom cell is 20 mm, and the constant temperature is 160 °C, which, if adjusted within 50-200 °C, can maintain accuracy of better than 0.5%. During the orthogonal polarization, consider that the unpolarized light incident from the left consists of the combination of the D2 resonant laser of the sodium atom (588.995 nm) and the broad band of the solar background light. Since the wavelength of most broadband background light cannot resonate with the transition energy level of the sodium atom in the cell, it becomes blocked by the orthogonal polarization prism. The D2 resonance light of the sodium atom (including a very small part of the background light with the same wavelength) can resonate with the level of the sodium atom in the cell and, under the appropriate longitudinal magnetic field and constant temperature setting, can rotate the wavelength of the laser in the cell polarization 90 degrees (or its odd times), so that the sodium fluorescence can pass smoothly through the second polarization prism, thus being efficiently transmitted by the FADOF. 
Improved Optical Path Technology for Daytime Detection of Atomic Filters
The diurnal observation of sodium lidar system at Yanqing was performed through the joint efforts of the NSSC and WIPM. The main improvement of the FADOF system is an upgrade of the original single FADOF to a dual-channel FADOF. In this system, the FADOF consists of a sodium atom cell in a longitudinal magnetic field, a constant temperature furnace, and a pair of Glan-Thompson type orthogonal polarization prisms at both ends with an inhibition rate of about 10 −5 [34] . The magnetic field is generated by a permanent magnet with a strength of approximately 0.2 T. The length of the sodium atom cell is 20 mm, and the constant temperature is 160 • C, which, if adjusted within 50-200 • C, can maintain accuracy of better than 0.5%. During the orthogonal polarization, consider that the unpolarized light incident from the left consists of the combination of the D 2 resonant laser of the sodium atom (588.995 nm) and the broad band of the solar background light. Since the wavelength of most broadband background light cannot resonate with the transition energy level of the sodium atom in the cell, it becomes blocked by the orthogonal polarization prism. The D 2 resonance light of the sodium atom (including a very small part of the background light with the same wavelength) can resonate with the level of the sodium atom in the cell and, under the appropriate longitudinal magnetic field and constant temperature setting, can rotate the wavelength of the laser in the cell polarization 90 degrees (or its odd times), so that the sodium fluorescence can pass smoothly through the second polarization prism, thus being efficiently transmitted by the FADOF.
The diurnal observation of sodium lidar system at Yanqing was performed through the joint efforts of the NSSC and WIPM. The main improvement of the FADOF system is an upgrade of the original single FADOF to a dual-channel FADOF.
Atmosphere 2020, 11, 118 6 of 14
The dual-wavelength lidar structure schematic diagram is shown in Figure 1 . In a signal receiving and detection system, the sodium back-scattered photon singal received by the telescope through the optical fiber into the FADOF, at this time, due to the fiber's depolarization effects, reduces transmissivity of the FADOF by about half, greatly reducing the signal strength and the SNR. In the diurnal sodium fluorescence lidar system at Yanqing, two identical FADOFs are used in the receiving channel to receive various polarization components in the back-scattered photon signal, respectively, and increase the signal intensity. The optical circuit schematic and physical diagram are shown in Figures 3 and 4 
below.
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Research and Improvement of Other Key Technologies
This daytime detection system offers not only improved the efficiency of the FADOF, but also upgrades additional other technologies of the laser linewidth of the laser emission system and optical fiber transmittance of the signal receiving system.
In the laser emission system, the internal grating of the pulsed dye laser was changed from single grating to double grating. In the case of single grating, the output laser linewidth is 0.08 cm −1 . After changing to double grating, the laser linewidth is 0.05 cm −1 , which is more conducive to the detection of sodium atoms. According to the inversion equation of lidar, the effective scattering cross section of metal atom ions is an important parameter, the narrow linewidth laser detection is beneficial to increase the effective scattering cross section. At the peak of metal atom ion density, the effective scattering cross section depends on the linewidth of the laser; therefore, the narrower the laser linewidth, the larger the effective scattering cross section. Moreover, within a certain range of linewidth (narrower linewidth causes the metal layer to saturate), the larger the effective scattering cross section and the higher the density of metal atoms detected. This allowed for more photons of the returned signal to be obtained and improved the SNR. In the signal receiving system, the optical fiber was replaced. After the upgrade of the optical fiber core material for high refractive index of the quartz glass, the attenuation degree at 589 nm was improved from 250-400 dB/km to 15 dB/km, and the core diameter was reduced from 2 mm to 1.5 mm, therefore greatly improving the transmittance of the receiving system. Moreover, under the same receiving telescope, the smaller diameter of the optical fiber now reduces the received field of view of the lidar which further decreases the influence of the spatial background light, and also contributes to improving the SNR.
In other aspects, the total combined effect of effective transceiver matching and alignment technology, optical path collimation technology, and strict light avoidance treatment on the whole receiving channel, results in better detection signal quality overall.
Analysis of Daytime Observations
Statistics of Continuous Observation Duration
The diurnal sodium fluorescence lidar system at Beijing Yanqing station was completed in April 2014 and thereafter operated in clear weather and the dual-channel FADOF remained in the signal detection system through the whole operation. During the observation period from April 2014 to July 2017, there were 103 cases of continuous daytime observation, totaling 4870 h. The duration of each observation is shown in Figure 5 Figure 6 presents the original back-scattered photo of sodium lidar at 12:24 Local Time on 16 October 2014, in which the spatial resolution was 96 m and the temporal resolution was 2.8 min. The background photon number was approximately 75, with 1466 signal photons, and the SNR reached 19:1. Compared with the detection results of the first FADOF developed by WIPM, which had a time resolution of 2.8 min, spatial resolution of 200 m, and a SNR of 1~2, this diurnal sodium fluorescence lidar system has reduced the background light noise, greatly improved the SNR, and achieved longterm continuous observation. According to these observations, the sodium atomic density and width of the sodium layer both decreased during the day. This was also noted in Illinois (40° N, 88° W), by States et al. [36] , who stated that this may have been due to the influence of photoionization effect, which causes atoms to be ionized by sunlight in the daytime. At the Colorado State University (CSU) Fort Collins (41° N, 105° W), the sodium lidar system conducted a 9-day continuous campaign between UT day 264 and 272 during September 2003. This unusually long data set revealed a dramatically noticeable shortterm tidal variability, with a substantial temperature inversion accompanied by strong wind shear on day 267, coupled with planetary wave activities [37] . During this observation period, the potential temperature contours show a strong modulation of the sodium layer. There is reasonable agreement between the movement of potential temperature and sodium contours in the bottom side of the sodium layer [38] . In 2012, Yuan et al. [39] observed strong tidal variability of the sodium layer, and explained that the reason for the layer's low density may have been because the NaHCO3 to atomic sodium relationship has a strong positive correlation with in-situ temperature, thus the cold temperature in the mesopause region induces a much smaller sodium abundance. They also mentioned a possible modulation mechanism by tide, in that the large tidal variability was may have been caused by tide-gravity wave interaction and planetary wave modulation. In 2017, Cai et al. [40] provided a numerical simulation on the variation of sodium layer and demonstrated the influence of tide and chemistry on the layer's diurnal variation.
Detection Results
Sporadic Sodium Layer During the Daytime
Several times during full-diurnal cycle observation, a phenomenon, known as the sporadic sodium layer (Nas), was observed during the day. Figure 8 shows the unique and rare evolution of the density profile of the sodium layer with time and altitude from 2 November to 5 November 2014, featuring a total continuous observation duration of 87.9 h, time resolution of 16.7 min, and spatial resolution of 96 m. Additionally, on 3 and 4 November, two consecutive Nas events were emergent during the day (Figure 8a, black box) , and demonstrated the evolution process of its breaking form (Figure 8b,c) . On 4 November, the Nas lasted until November 5 at 6:30 LT in the morning. Among them, on 3 November 2014, the duration of Nas ranged from 13:51 LT to 19:16 LT, and the peak density of this event reached its maximum at 15:50 LT (approximately 10,126 cm −3 ), and the corresponding peak altitude was 94 km. The ascending time was 120 min, the descending time was 206 min, and the descent speed of the Nas' layer was 0.32 m/s. In this case, the ascending time was less than the descending time. On 4 November, the duration of Nas ranged from 14:47 LT to 16:50 LT, and the peak density of this event reached its maximum at 16:16 LT. The peak density was 8445 cm −3 , and the corresponding peak altitude was 94 km. The Nas event on 4 November featured a longer, ascending time of 89 min, a shorted descending time of 34 min, and a descent speed of 0.23 m/s. Several lidar observations of Nas at different locations were performed in daytime. In 2014, Yuan et al. [41] provided the first study on the diurnal distribution of Nas based on diurnal observation of sodium lidar in Utah State University (USU). In 2017, Cai et al. provide a numerical investigation on diurnal variation of sodium layer in the summer over USU, and proposed a possible mechanism for According to these observations, the sodium atomic density and width of the sodium layer both decreased during the day. This was also noted in Illinois (40 • N, 88 • W), by States et al. [36] , who stated that this may have been due to the influence of photoionization effect, which causes atoms to be ionized by sunlight in the daytime. At the Colorado State University (CSU) Fort Collins (41 • N, 105 • W), the sodium lidar system conducted a 9-day continuous campaign between UT day 264 and 272 during September 2003. This unusually long data set revealed a dramatically noticeable short-term tidal variability, with a substantial temperature inversion accompanied by strong wind shear on day 267, coupled with planetary wave activities [37] . During this observation period, the potential temperature contours show a strong modulation of the sodium layer. There is reasonable agreement between the movement of potential temperature and sodium contours in the bottom side of the sodium layer [38] . In 2012, Yuan et al. [39] observed strong tidal variability of the sodium layer, and explained that the reason for the layer's low density may have been because the NaHCO 3 to atomic sodium relationship has a strong positive correlation with in-situ temperature, thus the cold temperature in the mesopause region induces a much smaller sodium abundance. They also mentioned a possible modulation mechanism by tide, in that the large tidal variability was may have been caused by tide-gravity wave interaction and planetary wave modulation. In 2017, Cai et al. [40] provided a numerical simulation on the variation of sodium layer and demonstrated the influence of tide and chemistry on the layer's diurnal variation.
Several times during full-diurnal cycle observation, a phenomenon, known as the sporadic sodium layer (Nas), was observed during the day. Figure 8 shows the unique and rare evolution of the density profile of the sodium layer with time and altitude from 2 November to 5 November 2014, featuring a total continuous observation duration of 87.9 h, time resolution of 16.7 min, and spatial resolution of 96 m. Additionally, on 3 and 4 November, two consecutive Nas events were emergent during the day (Figure 8a, black box) , and demonstrated the evolution process of its breaking form (Figure 8b,c) . On 4 November, the Nas lasted until November 5 at 6:30 LT in the morning. Among them, on 3 November 2014, the duration of Nas ranged from 13:51 LT to 19:16 LT, and the peak density of this event reached its maximum at 15:50 LT (approximately 10,126 cm −3 ), and the corresponding peak altitude was 94 km. The ascending time was 120 min, the descending time was 206 min, and the descent speed of the Nas' layer was 0.32 m/s. In this case, the ascending time was less than the descending time. On 4 November, the duration of Nas ranged from 14:47 LT to 16:50 LT, and the peak density of this event reached its maximum at 16:16 LT. The peak density was 8445 cm −3 , and the corresponding peak altitude was 94 km. The Nas event on 4 November featured a longer, ascending time of 89 min, a shorted descending time of 34 min, and a descent speed of 0.23 m/s. utilized a two-dimensional numerical model simulations, to investigate the mechanism that drives such summer winter difference of the Nas occurrence rate in the middle latitude. The observation of these phenomena is beneficial to the study of the characteristics of the atmospheric metal layer [43, 44] . In addition, the Yanqing station also has a sodium wind temperature lidar [45] , which can be combined with high-resolution temperature and wind data, and thus be more conducive to exploring the formation mechanism of Nas. 
Conclusions
In this study, a diurnal sodium fluorescence lidar system was adopted that employed dualchannel FADOF technology and combines contemporary laser technology and with lidar detection Several lidar observations of Nas at different locations were performed in daytime. In 2014, Yuan et al. [41] provided the first study on the diurnal distribution of Nas based on diurnal observation of sodium lidar in Utah State University (USU). In 2017, Cai et al. provide a numerical investigation on diurnal variation of sodium layer in the summer over USU, and proposed a possible mechanism for contributing to the formation of Nas-namely, the vertical transport by wind. In 2019, Cai et al. [42] utilized a two-dimensional numerical model simulations, to investigate the mechanism that drives such summer winter difference of the Nas occurrence rate in the middle latitude. The observation of these phenomena is beneficial to the study of the characteristics of the atmospheric metal layer [43, 44] . In addition, the Yanqing station also has a sodium wind temperature lidar [45] , which can be combined with high-resolution temperature and wind data, and thus be more conducive to exploring the formation mechanism of Nas.
In this study, a diurnal sodium fluorescence lidar system was adopted that employed dual-channel FADOF technology and combines contemporary laser technology and with lidar detection technology to obtain a sodium layer with high signal quality in the daytime at Beijing Yanqing station. This system realized the continuous diurnal detection capability and extended the time scope of detection data to improve upon past capabilities limited only to night-time detection. This lidar system operated from April 2014 to July 2017, and the continuous detection time with daytime detection data over 4870 h. Among these observation data, the longest continuous observation time reached 181 h and the SNR was up to 19:1 at noon in the daytime. Several instances of Nas were also observed during the day and the corresponding peak altitude was 94 km. Previous research also reported that the Nas event's duration was 1-3 h at night, while our research observed Nas during the day lasting for 5.4 h, which is much longer. In the Nas event of 3 November, the ascending time was less than the descending time, contrastingly another Nas event on 4 November, the ascending time was longer. This result is different from previous reports that the descending time of Nas at night in Beijing was generally longer than the ascending time [46] . Regarding interpretations of diurnal variation of the sodium layer, there are also different views, some reported that the diurnal cycle of the sodium layer are driven by a solar diurnal or semidiurnal variation tendency, especially, She et al. [37] notes that there is a significant semidiurnal component noted in the observations at Fort Collins (41 • N, 105 • W). Other observations support the opinion that Na density variations are mostly due to the changing of photochemistry reaction, such as States et al. [36] found that Na density decreases monotonically from sunrise until sunset and then increases monotonically from sunset until sunrise in Illinois (40 • N, 88 • W). It seems that the description of Na density features have yet to be further research, so it is meaningful to obtain continuous detection results both during the day and night to analyze the characteristics and modulation of diurnal variation of sodium layer in the daytime. 
